ABSTRACT: Nucleoplasmin, first isolated from Xenopus laevis eggs, promotes nucleosome assembly. Hereby, we have purified a nucleoplasmin-like protein from carp (Cyprinus carpio) eggs using ion exchange and subsequent gel filtration columns. The protein was recognized by a polyclonal antiserum against Xenopus laevis nucleoplasmin and had an amino acid composition similar to other member of the nucleoplasmin family proteins. Partial amino acid sequences from the cyanogen bromide (CNBr)-cleaved fragments showed high homology with Xenopus nucleoplasmin. The protein was also found to form an oligomeric complex and to be phosphorylated. Moreover, this protein promoted sperm nuclear decondensation as well as that of nucleoplasmin from Xenopus laevis eggs. These results suggest that the fish protein isolated here is a member of nucleoplasmin family.
INTRODUCTION
Nucleoplasmin, an acidic and phosphorylated protein first isolated from Xenopus laevis eggs forms a thermostable pentamer. 1, 2 It represents the most abundant protein present in the nuclei of oocytes and eggs of Xenopus laevis and of other amphibians. [3] [4] [5] The amino acid sequence of nucleoplasmin was deduced from two different cDNA sequences 6, 7 and the protein was found to be composed of 200 amino acid residues. 6 A polyacidic domain consisting of approximately 20 glutamic acid residues at the carboxyl-terminal half of the protein has been suggested to be crucial for biological function. 6, 7 Nucleoplasmin was initially shown to mediate in vitro nucleosome assembly, 8 and a similar role in vivo was determined. 9 Nucleoplasmin was also found to decondense Xenopus, human, Mytilus and salmon sperm chromatin and to remove sperm nuclear basic proteins (SNBP) from DNA-SNBP complex. [10] [11] [12] [13] Nucleoplasmin from Xenopus eggs was found to be highly phosphorylated compared with that from the oocytes. 14 The nucleoplasmin from the eggs promoted stronger sperm decondensation than that from the oocytes, suggesting that the phosphorylation was important for the activity. 15 The dual biological role of nucleoplasmin, promotion of nucleosome assembly and DNA-SNBP complex disassembly, has been suggested to be critical in the fertilization process. 11, 16, 17 The sperm chromatin decondensing activity of nucleoplasmin may be a universal function in the fertilization process. The p22 and DF 31 proteins, which have been isolated from Drosophila melanogaster embryos, mediate the decondensation of Xenopus sperm. 18, 19 Furthermore, nucleoplasmin-like proteins were isolated from oocytes of the surf clam Spisula solidissima 20 and the mussel Mytilus californianus. 12 The amino acid compositions of these proteins were similar and contain high amounts of glutamic acid residues.
The Xenopus nucleoplasmin decondensed salmon sperm chromatin, suggesting a possibility of the existence of a nucleoplasmin-like protein in both fish eggs and oocytes. However, identification 
MATERIALS AND METHODS

Purification of a nucleoplasmin-like protein from Cyprinus carpio eggs
All procedures were performed at 0-4°C. Unfertilized Cyprinus carpio eggs (50 g) obtained from mature female carp were homogenized with 150 mL of 10 mM Tris-HCl (pH 7.5) in the presence of 0.1 M KCl, 2 mM MgCl 2 and 0.1 mM phenylmethylsulfonyl fluoride (PMSF) using an ULTRA-TURRAX T25 disperser (IKA " -Labortechnik, Staufen, Germany). The homogenate was centrifuged at 20 000 ¥ g for 10 min and the insoluble material was removed. Ammonium sulfate was added to the resulting supernatant to a final concentration of 55% saturation. The precipitate was removed by centrifugation at 20 000 ¥ g for 10 min and the supernatant was dialyzed against 1 M urea, 0.1 M KCl, 2 mM MgCl 2 and 10 mM Tris-HCl (pH 7.5). The dialysate was centrifuged at 20 000 ¥ g for 20 min and the resulting supernatant was applied to a Q Sepharose Fast Flow column (2.5 ¥ 15 cm; Pharmacia Biotech AB, Uppsala, Sweden) with a gradient elution from 0.1 to 0.7 M KCl in 10 mM Tris-HCl (pH 7.5). The fraction (fractions 96-107) was collected and dialyzed against 0.1 M KCl, 2 mM MgCl 2 , 10 mM Tris-HCl (pH 7.5). The dialysate (60 mL) was concentrated to approximately 5 mL by ultrafiltration (ADVANTEC UK-10; Toyo Roshi Co., Tokyo, Japan) and finally subjected to Sephadex G-200 (Pharmacia Biotech) column chromatography.
Protein concentration was determined by the bicinchonic acid (BCA) assay (Pierce Chemical Co., Rockford, IL, USA) with bovine serum albumin (BSA) as a standard.
Preparation of nucleoplasmin from
Xenopus laevis eggs
Xenopus nucleoplasmin was prepared as described previously 8, 13, 14 with minor modifications. Briefly, unfertilized eggs were obtained from mature female Xenopus laevis frogs, which were pretreated with human chorionic gonadotropin (Gonatropin " 1000; Teikokuzouki Pharmaceutical Co., Tokyo, Japan) and were dejellied using 2% cysteine hydrochloride as described previously. 8 The eggs in 0.1 M KCl, 2 mM MgCl 2 and 10 mM Tris-HCl (pH 7.5) were centrifuged at 10 000 ¥ g for 10 min. The resulting supernatant was centrifuged at 150 000 ¥g for 60 min and the pellet was discarded. The clear cytoplasmic fraction was heated at 80°C for 10 min and then centrifuged at 10 000 ¥g for 10 min. The supernatant was further centrifuged at 150 000 ¥g for 60 min and subjected to Q Sepharose Fast Flow (Pharmacia Biotech) followed by gel filtration on Sephadex G-200 (Pharmacia Biotech) column. Purity was confirmed by sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Sperm chromatin decondensation activity was examined as described previously.
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Sodium dodecylsulfate-polyacrylamide gel electrophoresis
Sodium dodecylsulfate-polyacrylamide gel electrophoresis was perfomed in 0.1% SDS, 50 mM Tris and 150 mM glycine using 12% polyacrylamide gels according to the method of Porzio and Pearson. 22 Phosphorylase b (94 kDa), bovine serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20.1 kDa) and a-lactalbumin (14.4 kDa) were used as molecular weight markers.
Western blotting analysis
After electrophoresis in SDS gels, the proteins were transferred to pure nitrocellulose membrane (BioRad Laboratories Inc., Richmond, CA, USA) using Semi-Dry Blotting System (AE-6677; ATTO Co., Tokyo, Japan). The membrane was blocked in 2% gelatin, 150 mM NaCl, 20 mM Tris-HCl (pH 7.5) for 30 min and incubated with antinucleoplasmin antiserum (a rabbit polyclonal serum prepared against purified Xenopus egg nucleoplasmin on SDS-PAGE, kindly provided by Dr Katagiri, Hokkaido University). Protein detection was then carried out as described previously.
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Analyses of amino acid composition and sequence
Amino acid composition was analyzed using a JLC-500/V (JEOL Ltd, Tokyo, Japan) analyzer system.
Nucleoplasmin-like protein from carp eggs
FISHERIES SCIENCE
sperm nuclei (70 mL, 0.8 mg/mL; Type II-S, Sigma Chemical Co., St Louis, MO, USA) in 0.1 M KCl, 2 mM MgCl 2 and 10 mM Tris-HCl (pH 7.5) were incubated with either Cyprinus nucleoplasminlike protein or Xenopus nucleoplasmin (70 mL, 0.8 mg/mL) in 0.1 M KCl, 2 mM MgCl 2 , 10 mM Tris-HCl (pH 7.5) at room temperature for 30, 60 and 90 min. The mixture (2 mL) was placed on a slide glass and mixed with bisbenzimide (Hoechst 33258; 4 mL, 100 mg/mL). Samples were photographed with a fluorescence microscope (OLYMPUS IX70; Olympus optical Co., Tokyo, Japan).
RESULTS AND DISCUSSION
Purification of a nucleoplasmin-like protein from carp (Cyprinus carpio) eggs
Unfertilized carp eggs were homogenized and the extract was adjusted to 55% saturation of ammonium sulfate. Then the supernatant was dialyzed and applied to a Q Sepharose Fast Flow column. Elution was performed with a linear gradient of 0.1-0.7 M KCl and fractions (5 mL each) were collected. UV absorption at 280 nm of the fractions was measured and the fractions representing each peak were combined ( Fig. 1) . Sodium dodecylsulfate-polyacrylamide gel electrophoresis of each peak fraction is shown in Fig. 1A . The SDS-PAGE of the pass through fraction (lane a) was similar to that of the starting sample (lane P). Peaks e and f showed high absorbance at 280 nm; however, they were weakly stained by Coomassie Brilliant Blue (lanes e and f). Additionally, the absorbance at 260 nm of the fractions (peaks e and f) was approximately twofold higher than that at 280 nm of the fractions (data not shown). These results suggest that the fractions (peaks e and f) contained mainly DNA. According to western blot analysis of lanes a-f, only the 31 kDa band in lane d was reactive with the antiserum against Xenopus nucleoplasmin (data not shown). Peak d eluted at a similar KCl concentration to Xenopus nucleoplasmin. These results suggest that peak d contains a nucleoplasmin-like protein. The desired fractions (peak d, fraction 96-107) were further purified using a Sephadex G-200 column chromatography (Fig. 2) . The fractions (peak b, fraction 50-59) were collected as a purified Cyprinus nucleoplasmin-like protein. Approximately 2 mg of highly purified Cyprinus nucleoplasmin-like protein was obtained from 50 g of the eggs.
The amino acid sequence was determined using a model Procise 492 sequencer (PerkinElmer, Wellesley, MA, USA). These analyses were carried out at the Center for Instrumental Analysis, Hokkaido University.
Cyanogen bromide cleavage of Cyprinus nucleoplasmin-like protein
The Cyprinus nucleoplasmin-like protein (0.85 g) was reduced by dithiothreitol (DTT), dissolved in 70% formic acid and then treated with a 10-fold mole excess of cyanogen bromide (CNBr) at room temperature for 24 h. The mixture was centrifuged to remove the intact protein using a Microcon Centrifugal Filter (Ultrafree ‚ -MC, UFC3LCC00; Millipore Co., Bedford, MA, USA). The filtrate was applied to a C4 column (4.6 ¥ 150 mm; VYDAC, Hesperia, CA, USA) with a linear gradient of acetonitrile in 0.1% trifluoroacetic acid at a flow rate of 0.5 mL/min.
High-performance liquid chromatography gel filtration
Xenopus laevis nucleoplasmin and the Cyprinus nucleoplasmin-like protein were analyzed using a Waters 600E high-performance liquid chromatography (HPLC) system (Waters, Milford, MA, USA ) on a TSK-gel Super SW3000 gel filtration column (4.6 ¥ 300 mm; TOSHO, Tokyo, Japan). Samples with or without heating at 80°C for 10 min were used for this analysis. Bovine serum albumin (67 kDa) and carbonic anhydrase (30 kDa) were used as molecular weight markers.
Alkaline phosphatase treatment of Cyprinus nucleoplasmin-like protein
The Cyprinus nucleoplasmin-like protein (30 mL, 0.25 mg/mL) in 25 mM Tris-HCl (pH 7.5), 50 mM CaCl 2 , 0.1 mM MgCl 2 , 50 mM NaCl and 1 mM DTT was incubated at 37°C for 60 min with or without calf intestine alkaline phosphatase (50 units; Biozyme Laboratories, Blaenavon, UK). An equal volume of SDS-PAGE sample buffer was added to stop the reaction and the sample was analyzed by western blotting with the antinucleoplasmin antiserum.
Sperm nuclear decondensation assay
Sperm nuclear decondensation activity was examined as described previously. 21 Briefly, salmon
Amino acid composition of Cyprinus nucleoplasmin-like protein
Amino acid compositions of the Cyprinus nucleoplasmin-like protein in the present study and other related proteins previously reported are listed ( Table 1 ). The nucleoplasmin protein families contain high amounts of Asx (Asx = Asn + Asp) and Glx (Glx = Gln + Glu) (approximately 30% of the total amino acids). There are substantial similarities between Xenopus nucleoplasmin and the Cyprinus nucleoplasmin-like proteins. Both proteins contain Glx and Asx at more than 29%. The amino acid composition of Cyprinus nucleoplasmin-like protein is more similar to that of Xenopus nucleoplasmin than to that of Mytilus and Spisula nucleoplasmin-like proteins.
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Sequence analysis of the CNBr-cleaved fragments of Cyprinus nucleoplasmin-like protein
The N-terminal sequence (14 amino acid residues, Tyr-Leu-Pro-Glu-Lys-Asn-Leu-Gln-Glu-Leu-PheLys-Asn-Glu) of Cyprinus nucleoplasmin-like protein was directly obtained by automated sequencer. The protein was cleaved with CNBr and four CNBr-cleaved fragments (CB1, CB2, CB3, and CB4) were separated by reverse-phase HPLC (Fig. 3) . Amino acid sequences of the fragments were analyzed by automated sequencer (Fig. 4A) . Amino acid sequence of Xenopus nucleoplasmin, 6, 7 Drosophila nucleoplasmin-like protein (dNLP), 
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K Sato et al. 25 NO38, X. laevis protein with MW 38 000; 26 NP, Xenopus nucleoplasmin. 6, 7 A dash (-) indicates a deletion introduced to maximize the sequence similarity. Identical and conservatively exchanged amino acids are shaded black and gray, respectively. minal and four-fragment sequences were aligned with members of the nucleoplasmin family. The CB2 fragment contained a high amount of acidic residues. The sequence of CB2 is highly homologus to that of the carboxyl-terminal region of the nucleoplasmin family proteins. The CB3 fragment has a highly preserved sequence among nucleoplasmin family proteins. Although the Cyprinus nucleoplasmin-like protein has similar amino acid sequences to nucleoplasmin family proteins, the protein especially has a more similar sequence to Xenopus nucleoplasmin than that of dNLP, NO29 and NO38. These results suggest that the Cyprinus protein is a member of the nucleoplasmin family.
Oligomerization of Cyprinus nucleoplasmin-like protein
The molecular size of Cyprinus nucleoplasmin-like protein was analyzed by SDS-PAGE and western blotting using a polyclonal antiserum against Xenopus nucleoplasmin. When Xenopus nucleoplasmin and Cyprinus nucleoplasmin-like protein were boiled with SDS sample buffer, 33 and 31 kDa bands were observed, respectively (Fig. 5A, lanes  1b and 2b) . When the samples were analyzed by SDS-PAGE without boiling, ~94 kDa bands were observed (Fig. 5A, lanes 1n and 2n) . These results suggest that the Cyprinus protein was an oligomer (upper bracket) in the physiological condition and became a monomer (lower bracket) by boiling with SDS sample buffer. Similar phenomena have been observed with Xenopus nucleoplasmin (Fig. 5) . These results were also similar to that of a previously described experiment using a nucleoplasmin-like protein (nucleoplasmin S) purified from the nuclei of somatic Xenopus laevis cells. 27 Boiled samples showed clear 33 and 31 kDa bands in the western blotting analysis (Fig. 5B,  lanes 1b and 2b, respectively) . When the samples were analyzed without boiling, ~94 kDa bands were observed with weak signals (Fig. 5B, lanes 1n and  2n) . The antiserum apparently recognized the conformation of the dissociated monomer, a relatively small amount of which was preserved in the oligomeric conformation. These results suggest that the monomer subunit may be tightly complexed in the oligomer.
Next, we analyzed the molecular size of the protein on a TSK-gel Super SW3000 gel filtration column using a HPLC system (Fig. 6 ). Retention times of BSA, carbonic anhydrase and Xenopus nucleoplasmin were 11.5, 15.4 and 10.6 min, respectively (Figs 6A-C). The Cyprinus nucleoplasmin-like protein showed a single peak (retention time, 11.0 min; Fig. 6D ). The retention time of the protein was found to be shorter than that of BSA (11.5 min; Fig. 6A ) and carbonic anhydrase (15.4 min; Fig. 6B ), suggesting that the protein forms an oligomer with a high molecular size. When a heated sample was applied to the column, the retention time of the peak did not change (Fig.  6E) . This result suggests that the Cyprinus nucleoplasmin-like protein did not disrupt the oligomeric complex during the heating condition or was easily reformed to an oligomer with cooling. treated with alkaline phosphatase, a sharp band was observed with a slightly lower molecular size. (Fig. 7, lane b) . The shift in electrophoretic mobility of the protein by treatment with alkaline phosphatase is suggested to be caused by the removal of the phosphate groups. These results suggest that the protein was phosphorylated in a similar manner to Xenopus nucleoplasmin. 14 Nucleoplasmin was highly phosphorylated in the eggs, and the egg-derived nucleoplasmin promoted sperm nuclear decondensation and nucleosome assembly more effectively than that of oocyte-derived nucleoplasmin. 14, 15, 28 Phosphorylation of nucleoplasmin will result in additional negative charges and/or could induce a conformational change on the protein, either of which might lead to a stronger interaction with sperm nuclear basic proteins (SNBP).
Alkaline phosphatase treatment of Cyprinus nucleoplasmin-like protein
We performed treatment of the Cyprinus protein with an alkaline phosphatase. Samples were subjected to western blot with the antiserum against Xenopus nucleoplasmin. When the protein was 910
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K Sato et al. Xenopus nucleoplasmin and the Cyprinus nucleoplasmin-like protein were examined by gel filtration column chromatography (TSK-gel Super SW3000; TOSHO) using a HPLC system. Samples with heating at 80°C for 10 min (E) and without heating (C,D) were applied to this column. The protein (3 mg) was injected at time 0; the mobile phase was 10 mM Tris-HCl (pH 7.5), the flow rate 0.2 mL/min, and the total run time 30 min. Protein was detected at 220 nm. BSA (A) and carbonic anhydrase (B) (molecular mass of 67 and 30 kDa, respectively) were used as standards. 
Sperm nuclear decondensation activity
Next, we tested the sperm nuclear decondensation activity of the Cyprinus nucleoplasmin-like protein. Salmon sperm nuclei with either the Cyprinus nucleoplasmin-like protein or Xenopus nucleoplasmin (both at concentrations of 0.8 mg/ mL) showed a swollen appearance when observed under a fluorescence microscope (Fig. 8A,B) . Although both proteins were able to induce swelling of nuclei, the Cyprinus nucleoplasminlike protein appeared to be more effective than Xenopus nucleoplasmin. We found two differentsized populations of swollen nuclei (after incubation for 90 min) in the Cyprinus nucleoplasmin-like protein (Fig. 8A) and Xenopus nucleoplasmin ( Fig. 8B ) with average diameters 3.2 ± 0.33 and 2.0 ± 0.18 mm compared to 1.1 ± 0.15 mm for the control sperm nuclei. These data indicate that the Cyprinus nucleoplasmin-like protein promotes salmon sperm nuclear decondensation similar to Xenopus nucleoplasmin.
Recently, nucleosome assembly protein I (NAP-I) 29 and template activating factor I (TAF-I) 30 were shown to promote sperm nuclear decondensation and the acidic region at the carboxyl-terminal end were found to be critical for this activity. The Cyprinus nucleoplasmin-like protein also has an acidic region at the carboxyl-terminal half as reported for nucleoplasmin family proteins. These findings suggest that the carboxyl-terminal acidic region is important for sperm nuclear decondensation and the Cyprinus protein has potential to promote the nucleosome assembly.
We have purified a nucleoplasmin-like protein from the Cyprinus carpio eggs. The newly identified fish egg protein was found to form an oligomeric complex, to react with the antiserum against Xenopus nucleoplasmin and to have an amino acid composition and sequence similar to that of the other nucleoplasmin family proteins. The protein was also found to be acidic, thermostable and phosphorylated. Moreover, the protein promoted the decondensation of salmon sperm nuclei. These results suggest that the protein isolated here is a member of the nucleoplasmin family of proteins. Nucleoplasmin was suggested to play an important biological role, especially in fertilization and DNA translation steps. The Cyprinus nucleoplasmin-like protein may play a critical biological role for fertilization and DNA translation in the fish eggs. Sciences, Graduate School of Science, Hokkaido University) for kindly providing the polyclonal antiserum against Xenopus nucleoplasmin. We are also grateful to Mr Yukichi Abe (Center for Instrumental Analysis, Hokkaido University) for analyses of amino acid composition and sequence. We are grateful to Dr Hynda K. Kleinman (National Institute of Dental and Craniofacial Research/ National Institute of Health (NIDCR/NIH), Bethesda, Maryland, USA) for critical reading of the manuscript.
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